In this minireview we summarize evidence that the association of the glucocorticoid receptor (GR) with hsp90 may determine three functional states of the receptor. First, there is a direct correlation between hsp90 binding to the receptor and repression of DNA binding activity. Temperature -dependent dissociation of hsp90 from the cytosolic GR -hsp90 complex is promoted by hormone with simultaneous conversion of the receptor to the DNA binding state. GR that is translated in rabbit reticulocyte lysate binds to hsp90 at or near the termination of receptor translation and is in the non-DNA-binding form. Second, there is a direct correlation between binding of the immunopurified GR to hsp90 and the presence of a high affinity steroid binding conformation of the receptor. GR translated in reticulocyte lysate binds steroid with high affinity, but GR translated in wheat germ extract is not bound to hsp90, does not bind steroid with high affinity, and is in the DNA -binding form. When immunopurified, hsp90 -free GR is incubated with rabbit reticulocyte lysate, hsp90
If boiled cytosol containing all of the metals of the L cell is added to the metal-depleted receptor system , the hormone dependence of both temperature -mediated dissociation of receptor from hsp90 and receptor transformation to the DNA-binding state is reconstituted.
These results support the proposal that an endogenous metal anion interacts with the GR to stabilize it in the heteromeric , inactive , non-DNA-binding state in cytosol and that binding of hormone promotes conversion of the receptor to the DNA-binding state through an effect on this metal anion center. To our knowledge, this is the first time that the requirement for hormone has been eliminated and reconstituted in a cell-free system in which receptors are converted from an inactive to an active conformation.
Hsp90 is Required for the High Affinity Steroid Binding Conformation of the GR
In addition to repressing the DNA-binding activity of the GR, hsp90 must be bound to the receptor for it to have a high affinity steroid binding conformation. We noted many years ago that conditions which transform the steroid -bound GR to the DNA binding state The remarkable stability of the GR -hsp90 complex that is formed on GR translation in reticulocyte lysate has prompted Toft and his coworkers to consider that the lysate may be able to direct reassociation of hsp90 with hsp90 -free receptor. Thus , Toft and his coworkers added immunopurified hsp90 -free chicken progesterone receptor (PR) to rabbit reticulocyte lysate and were able to form a chicken PR -rabbit hsp90 complex (Toft , personal communication) . Accordingly, we have examined reticulocyte lysate -directed reconstitution of the GR -hsp90 complex as a third avenue of testing the hsp90 requirement for high affinity steroid binding activity (Scherrer, Dalman, Meshinchi and Pratt, submitted manuscript) .
We find that incubation of hsp90 -free immunopurified L cell GR with rabbit reticulocyte lysate results in association of the rabbit hsp90 with the mouse GR and this is accompanied by complete reconstitution of high affinity glucocorticoid binding activity. Receptors that enter such a docking complex are characterized by being recovered in the cytosol fraction of cells ruptured in hypotonic buffer, they are associated with hsp90, and they are functionally inactive until they are exposed to ligand.
Unlike the steroid receptors that enter a docking complex, the thyroid hormone receptor is tightly associated with the nucleus of the hormone -free cell and high salt is required for its extraction (for review see Samuels et al . , 1988) . We have found that, in contrast to the GR, the thyroid hormone receptor translated in rabbit reticulocyte lysate is not bound to hsp90 and is translated in its DNA binding form without any requirement for transformation (Dalman et al. , 1990 ) . These observations are consistent with the different behavior of this receptor with respect to the classic steroid receptors in the intact cell.
Thus, we propose that hsp90 may prevent progression of the steroid receptors to high affinity nuclear association sites and account for their retention in the inactive docking state in the absence of ligand.
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